Introduction
Antlers, organs of bone, are male secondary sexual characteristics in red deer and function in intra¬ sexual and intraspecific competition (Darling, 1937; Chapman, 1975) . The deciduous antlers grow from permanent pedicles which are first developed at puberty under the influence of testosterone secreted by the testes (Lincoln, 1971 a). The seasonal cycle of casting and regrowth of the antlers is also dictated by changes in testosterone : casting and regrowth occurring in the spring and summer when the testosterone levels are very low during the non-mating season, and maturation of the hard antler occurring in the autumn when the testosterone levels increase before the mating season (Wislocki, Aub & Waldo, 1947; Lincoln, Youngson & Short, 1970; Lincoln, 1971b; Lincoln, Guinness & Short, 1972; Bubenik, Bubenik, Brown & Wilson, 1975; Lincoln & Kay, 1979) . There is, however, some evidence that casting and regrowth of the antlers is stimulated in the spring by endocrine changes other than the seasonal decline in testosterone (Wislocki et al., 1947;  Tachezy, 1956; West & Nordan, 1976; Mirarchi, Howland, Scanlon, Kirkpatrick & Sanford, 1978) .
In the present study plasma testosterone and prolactin concentrations were analysed over 2 years and attempts were made to correlate the changes in secretion of LH and testosterone with those of the antlers.
Materials and Methods
The animals were divided into two groups receiving different feeding regimens as part of another study (Suttie, Goodall, Pennie & Kay, 1983 Scaramuzzi, Caldwell & Moor (1970) was used to measure the levels of LH; the assay had been validated for use with deer plasma in a previous study (Lincoln & Kay, 1979) . The assay had a sensitivity of 0-25 ng/ml plasma using NIH-LH-S11 as the reference standard. The method of Chesworth (1977) was used to measure the levels of prolactin. The assay was shown to have minimal cross-reactivity with ovine LH, GH and TSH, and dilution of plasma from deer produced values parallel to the standard curve. The assay sensitivity was 0-25 ng/ml using NIH-P-S9 as the reference standard. The measurement of testo¬ sterone was by the method of Corker & Davidson (1978) using an antiserum with a small crossreactivity with dihydrotestosterone (20%) but otherwise specific. The lower limit of detection in this assay was 0-2 ng/ml plasma. For all assays the inter-and intra-assay coefficient of variation was < 13-6%.
Results

Puberty and the seasonal cycle
The monthly changes in the length of the antlers, diameter of the testes, concentration of testo¬ sterone and prolactin, and the live body weight of the stags during the first 2 years of life are shown in Text- fig. 1 . In Group A, the pedicles first began to develop in September or October at 4-5 months of age. At this time the animals were growing rapidly, the testes were increasing in size and the concentration of testosterone in the blood plasma had just increased to a level detectable by the radioimmunoassay ( > 0-2 ng/ml). Prolactin The pedicles were fully grown after 2-3 months and from these the velvet antlers developed during the first winter and spring; these first antlers were small and unbranched. At this time, the testes were still increasing in size, but the blood levels of testosterone were lower than at the stage of pedicle growth and the levels of prolactin were much higher. Five of the stags in Group A completed growth of the first antlers in the spring at about 9 months of age, but retained the antlers with the velvet skin still intact during the summer. One of the stags in Group A was slightly precocious in its reproductive development compared to the others. The animal produced a small set of antlers in the first spring of life at 9 months of age and these became cleaned of velvet. The antlers were subsequently cast in the early summer after the initiation of new antler growth at the base of the antler and a second set of antlers, which had several branches although the shape was abnormal, developed during the summer. This stag cleaned the velvet from its antlers in the autumn as did the other stags in the group.
Episodic secretion of LH and testosterone As shown in Text- fig. 2(a) , the 8-h plasma profiles for the precocious Group-animal revealed an increase in the concentrations of LH and testosterone during December-March when the animal was 6-9 months old and the first antlers had begun to develop. There were transitory peaks in the levels of LH and testosterone indicative of episodic secretion. The highest levels of LH occurred in December when the pedicles were fully grown while the highest levels of testosterone occurred in February shortly before the velvet was cleaned from the first set of antlers. fig. 2b ) were similar to those in the precocious Group-A animal except that the levels of both hormones remained low over the first 9 months of life. This correlated with the later development of the antlers. The increase in the levels of LH and testosterone during the first spring and summer was very similar in the 2 animals, with the initial appearance of episodic peaks in the levels of LH early in the season during antler growth, and the progressive increase in the secretion of testosterone associated with cleaning of the velvet from the antlers.
When 24-h samples were taken at two stages of the antler cycle (Text- fig. 3 9-9 ± 0-8 September 150 + 4-2 13-6 + 1-9 11-5 ± 0-8 10-6 ± 1-1 October 12-4 + 2-9 13-3 ± 2-3 12-8 ± 1-4 13-6 ± 3-1 * < 005 compared with Group A values (Mann-Whitney U test).
The combined results for the 6 stags tested with LH-RH and those bled for 8 h monthly are shown in . Before the appearance of the pedicles and during the growth of the first antlers, mean daily levels of LH were low but there was a good LH response to LH-RH. At the same time the mean daily levels of testosterone were very low and there was a poor testosterone response to LH-RH. Nonetheless, both mean daily testosterone and testosterone response fell during the mid-and late velvet stages of antler development compared with late pedicle development. Later, when the first antlers had developed, the mean daily levels of LH were variable and the LH response to LH-RH had decreased, while the mean daily levels of testosterone and the testosterone response to LH-RH were increased.
Discussion
Pedicle development began at 4-5 months of age and 6-7 months of age for stags in Groups A and respectively. For both groups this was at an earlier age than for deer living in the wild, especially those in areas of poor quality feeding such as the Highlands of Scotland (Mitchell, McCowan & Nicholson, 1976; Mitchell, Staines & Welch, 1977) .
The development of pedicles correlated with the growth of the testes and the appearance of measurable amounts of testosterone in the peripheral blood. This is consistent with the effectiveness of testosterone in stimulating the development of pedicles in prepubertally castrated male deer (Wislocki et al., 1947 (Wislocki et al., 1947; Lincoln et al., 1970 Lincoln et al., , 1972 . Antler casting occurred after a period of very low levels of testosterone in spring. Castration when antlers are clean of velvet causes premature antler casting and administration of testosterone to intact stags delays casting (Wislocki et al., 1947; Goss, 1968; Lincoln et ., 1970 Lincoln et ., , 1972 . Medroxyprogesterone acetate administered to stags in hard antler also caused premature casting, presumably by reducing LH levels and thus testosterone levels (Muir, Barrell & Sykes, 1982) . Casting of the previous antler coincided with the annual increase in the plasma level of prolactin. Such entrainment to the photoperiod could be produced if prolactin is acting as an antigonadotrophin. Schulte et al. (1981) studied the influence of pinealectomy on prolactin secretion in white-tailed deer (Odocoileus virginianus) and found that pinealectomy altered the naturally occurring seasonal profile of serum prolactin. Since pinealectomy also delays antler casting by 2-3 months (Plotka, Seal, Letellier, Verme & Ozoga, 1978) , it is considered likely that the delay is due to the alteration in prolactin secretion. The summer peak of prolactin was lower in 1979 than 1978; as all samples from each animal were run in the same assay it is not possible that interassay variations account for this.
In view of the effects of testosterone it may be unnecessary to propose that other hormones influence the growth and development of antlers. However, there is no experimental proof that there is a cause-effect relationship between the low level of plasma testosterone and the actual growth of the antler in velvet.
Plasma levels of LH increased in the young stags when the testes first began to enlarge and plasma levels of testosterone began to increase. There was also a change in plasma level of LH after puberty associated with the seasonal change in the plasma level of testosterone. This is consistent with the view that the secretion of LH by the anterior pituitary gland dictates the changes in the activity of the testes both at puberty and during the seasonal reproductive cycle (Pelletier & Ortavant, 1975; Lee et al., 1976; Lincoln & Davidson, 1977; Lincoln & Kay, 1979) . In the present study, short-term fluctuations in LH and testosterone concentrations were evident, indicative of episodic secretion, and this was most noticeable during the periods of increased secretory activity, e.g. June-September in the yearling stags. There was a temporal relationship between the variations in the two hormones with peaks in the levels of testosterone following peaks in the levels of LH, indicating a causal relationship (Katongole, Naftolin & Short, 1971 ; Lincoln & Kay, 1979) .
LH-RH stimulated the release of LH and testosterone at all stages even when the endogenous release of LH was low. The LH response to LH-RH was actually greatest when the endogenous secretion of LH was lowest, indicating that the reason for the lack of endogenous secretion was a lack of LH-RH secretion from the hypothalamus. When endogenous secretion of LH was increased there was a small LH response to the injection of LH-RH. However, this induced release of LH resulted in a large release of testosterone, confirming that there was an increase in the responsive¬ ness of the testes at the peak of gonadal activity (Lincoln, 1976) .
The overall results illustrate the way puberty and season influence the episodic secretion of LH and this dictates the changes in the activity of the testes and secretion of testosterone. The development of the antlers in the young stags, and the cycle of casting and regrowth of the antlers in the adult stags, are largely controlled by the changes in testosterone.
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